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The purport3 of' thir contract is to design, develop, fabricate and 

delivery firs (5) prototype scslicondEtarr d t c h e s  and f i f ty  (50) 

production anltr capable ot m e e t i n g  the end-result criterla outlined 

in Paragraph C-Design Goals of Contract XAS 8-U6U. 

g o d s  w metatel In  m i o n  1 I . A  of thia report 

-re design 
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I. I N T R O D U C T I O N  
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f ,  moETcTIoN 

The rcope of wurk of thtu contra& introlres the dealen, d a m a t ,  

fabrlcetiosl md d e l i r a y  of five pratcrtjpe and fifty production 

semiconductor 6wltches capable of w n d l n g  the epeed of high level 

switchlag .trUuistors into the l o w  nanosecond range. 

Althmgh a device of' thlr type I s  pot c a m m e r c ~  ava-ble, the 

device 82% not beyond tho state of the art.  

e ~ e t i ~  ad this  contract l a  to be .cccppllshed in three phages, 88 

II 
follow:, 

Phas I - consleta of the essential study end the prepsrstlan of a 

oarplete deslgn of tbt units. 

Opiicer such design Kill be employed for the pratutypc unite under 

Phase 11. 

F'hast II - consists of the fabrication of five prototype unite urd 

mbnlsslcm thereof t o  the Qcmulanent for eraluutlon. 

Wpm approvd by the Contracting 

mu- canrlrtr of the frbrication of fifty prodrrtion m o d e l 6  

m o d l f l e d  in coaia@mlty with the changes, if m y ,  required by the 

Uoverment as a r e d t  af evaluation of the prototypes iurnishtd 

@GI Phase 11. 

b S f 6  proposal, tbc BendiX Semiconductor Division schethled c a b  

pletion of fhk contlrsf Vithln a nine month period. 

With this schedule, Phase I has been c@eted in a l l  major details 

vithin the period covered by thlr first qusrterly report. 

In accordance 



Tho principal  a r u s  of Pharo I which are discussed in this report include: 

1) Dotomination of  e p i t a x ~ .  starting matorid ipecificationr, 

2 )  Dosign of  surface gooppbtry, 
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3 )  Determination of  concentrations and depths o f  d i f fwed regions, 

md 

L) Paokage design 

A roction devoted to the pertinent details of the major processing 

operations is included. Work to be perforared during the nsxt quarter 

(Phauo 11) irr, alao, dlscuised. 
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A. barlgn Ooalrr Criteria 8pplic8ble to the remiconductor #wltcher 

CO!tfclrpl . fad herein are 81 fdlanr 

1. Mech.nic8l8pec lficationr: 

8.  &rrmfiCdv redd. 
I 

b. M~terl i lr:  Silicon Sariconductor cryrt.1. 

e. Stud-ssounting with double-ended care. 

2. ~ m i ~ - ~ n t . l  B p e c w i c ~ t i o ~ :  

a. 

b. M3lrture Rerlrt.nco: 20 ayclcs. 

c .  Centrihgal: 1,OOO g. 

d.  Sto- L l f e :  Plua 200°C, lodo hours. 

TI.prsrture C y c l ~ :  ldiwr 650C t o  p lw  moC 5 cycler. 

e. Shoek: 500 g. 

f .  Vibmtim: #r g, 1 0  cpr fa 2000 cpr. 

3. ~ l ~ ~ t r i c . 1  ific8tionI: 

8 .  

b. 

C. 

d.  

e. 

f .  

g. 

h. 
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B. G p l t e u i a l  startla# hterial 

Starting material for the 10 conpore, 10 nanoeecomd d t c h l n g  

t rans is tor  ha6 been determined. 

the very c r i t i c a l  collector region of the  device and can8ists 

of an "8" tSpe epitaxial layer on an 7+" substrate. Detailed 

consideration has been given t o  both the structure (1.e. layer 

r e s i s t i v i t i e s  and thicknesses) end tho overall quality of the 

material 

The basic decision t o  employ a double-diffused epitaxial collector 

design rether than e t r i p l e  dlffuoed structure has been made far 

two reeoon~. P i r r r O ,  and met irnpaortant, t he  epitaxial col lector  

affords the best campranire mong the device parameter of col- 

lector breakdown, capacitance and series resistance. 

Bendlac has ha8 favorable experience w i t h  epi taxial  starting 

meterial i n  construction of the  "BIG Leaf" and other planar 

d w i c t s .  

To optimize @ity of the starting material, wafers have been 

ordered from three separate vendors. 

epi taxial  b y e r  thicknesr and r c s i s t i v l t y  have been made can- 

alderably t ighter  than those narmally cgployed for Btndix planar 

power devices t o  ineure that praniwn quality material is obtainea. 

A prtllminary evaluation of material supplied by the separate 

vendors is reported i n  Section IIIA. 

Because of the predominant ro l e  of collector design on the device, 

parametere of (1) collector-base breakdown, (2) collectmr satura- 

t i on  voltage, and (3) c o ~ e c t m - b a s e  Junction capacitance, it is 

'&e starting material canpriaes 

Secondly, 

Specificaf2ons on the 

1 

necesmry t o  take all three p r r a c t e r r  info conrldmtloar I&- . i  

- 

i 



I 

1 
I 
I 
I 
1 
I 
I 
b 
I 
1 
1 
I 
I 
I 

'. 

i 



I 

I 
303 Bc1 32 53 V 60 V 0.85 Mil 

The design specification for the ell icon substrate and 

Ls!!z 
8 0  

b o  
0. 
Q. 
C.  
io 
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Tho hbd.&bO+18tX'WtUrO O h o w n  FI@X% I: -6 

selected because at its inheront high emitter periphery 

to d t b r  art98 r a t i o  and beoaure Bendh had p u t  ox- 

perlonos I n  fabricating i n k r d l g o t a k d  rtrwturer ruch 

a8 the Bendix h a P o  The ovsrall diIwn8ion8 wore 

basod on calculation8 and msu l t a  obtained With the "Big 

Inri" gooaetryo 

s ign i i i c l a t l7  i r ~ r ~ a ~ ~  the omittor porlphery in a 

geometry of the cum or  less uurface area. !thio general 

plan of at tack w d d  enhance the B llnoarity, VCE mt, 

f (*), and power handling capabl l l t ier  of the d d c e ,  

In  particular it was our objectivo to 

To achieve this basic goal several areas of the derice 

These a n t  comtruction were attacked and Improved upon, 

1, optimise length, width, and taper of finger 

&sign 

2. t i g h k n  rpacing throughout design 

3. ninimise area of contact pad8 

To increase finger length while reducing the width it 

war necesmry t o  ingroare a1mriw;r contact thicknor8 

(roe Section I11 D) and add a P+ bare contact region (roe 

Section 111 C), theroby u in t a fn ing  nogliglblo voltage 

drop# along the fingsrs. Thla called for lmprovomnk 

6r addltiorr in diffwion, evaporation, and photo r e r l a t  

technologJr, 

The teduced spacing demanded Improved rerist technlquos 

L e .  Busking, r08i8t, alignmPsnt, and etehlng. 

a 
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The reduced contact pad are88 necesritated a new look 

a t  oontacting procedures and philore. 

possibil ity of device degradation and lo s s  i n  *old it 

war decided t h a t  contact pa& and/or fingers w e r  tihe 

oxide would not be usedo 

solved by wlng two smaller leads (2  to  3 all) a t  

appropriate portion8 of the base geometry. 

To miniafre the 

The base contact problem was 

The t o t a l  

bas0 contacting area -8 therefore reduced to  appraxl- 

.ably 50 la82. 

The emitter contact on the other hand could not be 

rolvod in this Banner because the multiple lead approach 

would result in a larger overall  contact a m  and in- 

creased lead inductanceo 

10 mila would normally necessitate a miniraag alwalnum 

pad of 15 nils x 30 m i l s  (ultrasonic bond) or  an a r m  of 

LsO m U 2 ,  

bonding alignment. 

the oxide protected base fingers a t  the center of the 

& d c e  leaving only a 3 mil wide emitter pad t o  insure 

finger connection. The bond would run the length of the 

ac t l r ,  emitter so that each finger would essent ia l ly  bo 

tied directly to the wire. 

will be detarmiaed by the almnlnur thicknear, the o x l b  

quality,  and the bonding prwesa. 

Lnpm pad is approximately 100 mi12 # 1 . 0 . ~  1068 than 

I/& the area previously comrldored barely adequateo 

The estimated ul re  dlametg of 

This would demand extremely precise wire a d  

It wad decided to  bond the wire w e  

The succe88 Of this tWhniqU0 

The resulting alum- 
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Th. ccmductirity t o  the ends of ths b88e finger8 wall 

Innurod by the P+ dlifuafon, TM.8 design r c h e ~ e  also 

8ppt48r8 t o  lainWr0 the inherent he8tbg  effect8 no- 

notod a t  the emitter bas0 Junction muxxd the t l p  of the 

b.80 finger8 1.e. close t o  the emitter lead. 

Generally all fingers and contact area8 were tapered 

and rounded t o  o l i r n i ~ h  hot apots and/or leakage ~8th~. 

Equal spacing of all g e o n s t r i ~ ~  a t  a l l  point8 was anothor 

oonridoration. 

The re8ulting design compare t o  tho BencNx 'BM W 

geometry as fo l lowr  

h 8 0  h O 8  

Emitter Area 

Ehlttor Periphom 

Bare Periph.ry 

chip Sir. 

NASA 

2175 m i l 2  

lo00 ri12 
1ooo* lail 

175 

60 x 80 

BIG LEAF 

Other area8 of &sign criterion Include circular  all8 
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D. -HlOOPOasB 

bare w o n t  

lererd requiranents had to be taken i n t o  consideration In  determining 

the concentration lmls and depth of the  base region. The B\TEBo 

requirSaaent of 7 vol t s  limits the base surface concentration t o  a 

e vdtac ~f a~rproxiarately 7 x 10 18 
atoas/cc. 

!&e WCBO requirement lmpores l ~ i t a t i o n a  on the base width - 
3mpurity gradient relationship. W o r k l x q  within these l h l t a t i o a a ,  

the base region hss been designed t o  yield a high gain, higb it 

atmcture. WUS, the device will emplay the minianrm base width 

and steepest doping gradient ca@atible with the dorementiaonad 

IWCBO and BV53 requiraaents. 

base depth of 7 x 1018 atuw/cc and 4 f l  respectively, wlll be 

employed for the prototype units. 

Ues&n center. 

Base &ace COlLeentration and 

A base width of 1 . O A  IS the 

lbtitter Rsgi on: 

Conditions for the aultkr difAteion have essentially been detexmined 

by the  base design criteria. The depth of thio diffuaion muat be 

3 /%to  meet the requlranent of a 1 Abase wldth. 

bs @* high (-dl Utaarr/cc) to achieve the neceaaary injection 

afflcleney hto the highly doped base region required f o r  hl& gain. 

Concentntlon ruet 

Simultaneously with the cdt ter  diffusion an lo+ band vill be diffused 

into the m a c e  of the epitmdal col lector  4 e r  in an area sdJacent 

t o  and ccmpletely rurraMaing the baae d m e d  Junction. 

two functions. It w i l l  renre t o  prevemt channelling ecmos the eurface 

of the device f’ra~ the hu, Junctlar to the edge of the d i e .  Secondly, 

it bu, bann observed thrt mch 8 band fmprover the g a t t m  effoct8 

Bomufljr ob- d m  pho- dlf’fuaiar by rirt\ra of i f 8  

This band has 
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tors 

2.) a %O platform bnsod to the rtud aarenbly to pro- 

tido o l o o t r l ~ a l  bolation of all t ~ n i ~ b  iron 

the plekago and thtu mlnlmhe the effoct  of packago 

aap.cit.nee on device mdtchlng chanatorbtlerj  

8nd 

3.) a ]%O platform &sign which prorider heavily 

mtal l lrod bonding pads for both enittor and b.80 

loa&. 

The pruposo of th i s  latter foature ir to  provide for 

a dnlnnn bngth of bond- wire and to afford direct ~ ~ 0 0 8 8  

to tho bonding u e a a  for eane of fabriaatlono The orsen- 

tlala of t h l a  package &rim are lllu8tratod in Flguro 8. 
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t 111. A. Star t -  Material 

%tor ia l  was received from three vendors and evaluated 

by Bend-, A chart  of wafer parameters in order of their  

importance has been compiled. Values i n  this chart may be 

referred to  the specification valws. 

PAFtA!!TER/SPEX 

Edge U p  
None preferred 

Mebeations 

c 3ooa/orr2 

TEXAS 
IHSTRIJXEIT 

2.8 QCE 

90-1137 

2 L IO/cm 

lO/Cml2’ 

2 IrOOO/cm 

MONSANTO 

Nons 

3m/o* *  

GENERAL 
MICRO EIJ3C”RONICX 

None 

In goneral it could be r a id  t h a t  the raterla1 received 

represented the  vendorto capabi l f t ier  and was consistent 

with rertilts compiled on similar material for  the B I G  Leaf, 

The r e s i s t i v i ty  and thickness contml  normally exhibited 

by Texas Instrument as well as the superior surface topo- 

graphy qualifies them as the p r i m  source fo r  material for  

this device. 
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Although oach specification is  made by a t  leaat one o f  

The the vendom, no single vendor qUnlifi08 In a l l  areas. 

vendorr have been contacted and made aware of the result8 

of t b s o  test8 With the hope that improvemnts W i l l  be 

forthcoming, 

Devices which have been made from each of ths vendor'r 

maotori.1 ham been acceptabhj however, dlfferonces In 

piold, dl8trlbutlon, and paramtor6 do ex is t  c o ~ i r t e n t  

with the control and surface topography of the respectlvo 

vendorr opltaxlal material. 



Bo Surfaee Pluparation 

Prior to the initla1 &mal  oxiclntion step, tho 

@ P i t u l a l  wafors are thoroughly cleaned. This operation 

aondrts of the folloulng rathrr unlroroal st.ps: 

1, a TCE rinse to remove organfa contaminant8 

2. an €IF rime t o  raaove oxido filrr 

3, chemical treatmnt to rem- Ion lnpurltlor 

and to provide a l l g h t  pmtoctlvo oxido layer, 



1. Silicon Md& layers 
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During tho baee diffuaion cycle an axid. b p r  of 5000 to 

6000 OA 18 regrown over the bare region to  provide masking 

for th io  phoaphorw dlffurion. Following the omittor d i i h u i o n  

8 thermal oxide of 2000 to 3000 OA 18 formed to maak against 

the subroquent p+ diffuion. A final Oxide layer of 2000 - 
3000 OA is tho- grown after the p+ stop to prod& 

paarklng during alminru contacting. 

Rro problrm areas exis t  with rerpect to the o x i b  layera. 

Bomwo of the addition of the P+ dlfhuion, the device seer 

thmo high temperature step sub8equent to pho8phorru diffu- 

rion. Without the P+ region the device would be processod 

through a single hlgh temperature operation, Raoh of the80 

three stapr, namely, the 

boioro and attor P+ offoots both jmetion wta md ir- 

purlv c o ~ o n t r a t i o n  a t  the rurfaoe. The transistor 

&position and the d d p t l o n ,  

purnsbs effected are gain and BVEB. Conrrequentu, 

the effects  of these steps mwt be allowed for  i n  the 

process or m i n ~ s e d ,  

To allow for these affecta l a  possible but resultr 

in 09 a marginal degree of control and reproducibilityo 

It appears more promiring to minimire such effects,  

Proceeding bong  this  line, investigations have bean 

initiated to evcrluab replacement of the thera~w gr- 

oxide la-ra with either pyrolytic oxides or a silicon 

nonaxlda avaporrted -re 
,- 

._ . 

~ ~ 
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The roeond problen relatad to the rxiQ &pr 18 I t a  

in a later section of this reporto 

tion and Wfuaion stop6 ham been wtdillehod to give a 
br80 surfaoe conoontratlon of betwak 5 x 1Ol8 and 7 x 10 l8 

r t a r / C C  and a depth of 3.9 to h&p. 
Tho emltter dlffu6ion I s  conductad at l l s O ° C  ruhg poc4 

a8 the M)UFCO. 

ovahution of boron dlffwod eontroldle f r o m  which the boron 

Tine of the diffusion 18 determined by th. 

depth and concontration are mearmred. 

3. P+ Dlfiusion 

Thls atop l r  carried out In a B 0 el080d myrten at 2 3  
l l00Oc.  It i r  a one-rkp operation ao that ths diirwion 

om be 1Imit.d to a shallow mrface lapr. Soma additional 

a0v-t of t h i s  junation occum durlng the final oxidation 



D. Alarinuar Erapora t ion : 

The objective in Alurinum maporation hrs been a thick 

( S 2 5 , d ) ,  high quality aluminum fila. 

established that various evaporation procedure 8 Wil l  

diroctly effect the  (1) otching rate, (2)  edge definit ion 

and (3) etch factor  

It has been 

To date the best r O ~ ~ l t 8  have been achieved wlth th6 

following conditionat 

a)  wing para l l e l  and individually oontrolled filaments 

b) ruintaining substrate a t  r o o m  tenperature 

c )  maintaining vacuum in 3 x 10 torr range 

A Bendix-Balrers vacuum -stem is being employed far 

4 

t h i s  W k o  

Thlckness measurement8 have been made wing a sodium 

l lgh t  and the interference objective on a Bausch & Lomb 

m h l l u r g i c a l  microscope and confirmed wlth a Zeiss 

int8rferoaetero 

Evaporated aluninun purity and porosity have been the 

arajor d i i f i cu l t i e so  

upward evaporation ie being Investigated. 

The use of an electron gun murce and 
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E. Photo R ~ r b t  

1. -krr 

With the completion of the geometry design a complete spaaii lcatlon 

uaa r r i t t e n  to  t i e  down the dlmeneional tolerancor and geometry quality 

rcoeptancr criterion, Wok Imperfections ouch as fUua, Pinholiss, 

8pot8, and psripheral defects are c b a r l y  defined 

%sk Aoorptancem n-lS6. 

the spocifioation, 

A thorough vendor evaluation war conducted with the ePtphrrb on 

capabiliv i n  mark comtruction and mtrk lnupction. On the baais of 

this vendor evaluation 8nd the quotor reasived, the decirion V(LI laado 

to uqntrrct with the Qtulitron Corp., Ihnbw, Cormo 

Tho first s h i p a t  of lucrh received waa inspected Ben& and 

eonditiorully accepted t o  cons t ruc t  dervlces for  i n i t b l  evaluation. 

The narrlrr failed t o  meet the spot and peripheral defect specUlcatlom 

and roma of the  dimension^ were qu4stiaaabl.o. 

During tho par t  month a meeting between Bend- inspection people 

and the vendor8 Q.C. people resulted in dlmnsional correlation and an 

effort on the vendor'r part to reduce spotting and peripheral defects. 

To reduce rpots and scratches the vendor l a  ro-ovaluating hie  

handling and packaging of xmrkl. He belisvea that  mat of the pro- 

blem occur In these areas rathor than the qual i ty  of the plater  ar 

received fro8 godrk and Inspected lnt.rnd.y. 

prokct ive tape i r  rarp.cted of bring spot8 on the e ~ ~ l 8 i On by 

trappin@ duet and d i r t  underneath. 

application l r  alao cawing itwr. 

In pa r t i cuhr ,  the 

psrh.pr the rsthod of h p o  
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%e pattern edge Irregularitleu vert not seexi on the meator plater. 

ma problaa was traced t o  the reproduction proccsr. 

will be instituted to riniriu these procerring irregularities. Whon 

there m a r  of investlgatlon and control ese caupleted shipent of m a s k 6  

will be ordered and Arlly crslurrted. 

Mdltioral controlr 

t 

1 
t 
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20 OxI& & A l a r i n t U  E b h  

The photo-chemical technique has been carefully scrntinieed t o  

es tabl i rh  weak or  marginal proceises. 

Kodak KPR-KF% a t  high spinning spseds appears t o  offer  acfrantager 

in etoh resirtance, adh08iOn, and definition. Micro-filtration of 

a l l  chemlcalr and minimum handling of wafers In process has re- 

The present Vtem using 

8ultAd in cleaner reproduction8 and should enhance yield, The 

Micro-mchanicr alignment and exposare s y s t e m  has the alignnsnt 

tolerance and exposure conditions deemed nece8saq. 

I s  accomplished in rtandard Kodak chemicals baths. 

the wafers is done in an anaronitm fluoride - HF etuh. 

Development 

Etching of 

Coating and alignnent (Exposure) operations a r e  in absolute 

filter dust boxes while a l l  other operations are  in 0.5 micron 

dus t  boxes. 

Photo-micrographs of the geometry reproductions were Included 

i n  the t h i r d  monthly report. Figurer I and IIo 

Etching of thick aluminum layers with adequate definit ion was 

accomplished by using FPFR (Kodak Thin Film Resist and a k s p h o r i c -  

N i t r i c - ~ O  etch. The additional adhesion and etch resistance of the 

KTFR Idsally suited it for  t h i s  operation. The etching rate of the 

kaphorie-Nitric-%O rolution i s  dependent upon tenperaturej which 

ha8 made it possible to establish optbum conditions fo r  etching of 

the aluminum contacts. (See Attached Photo,; Figure IV,) 

Resist removal is accomplished i n  hot sulphuric acid eolutions 

and/or In  commercially available resis t s t r ippers  



has h e n  derlgned and Will be 8et -u~  shortl7. ThtuQ, 

any iznr or  Imperfection i n  the oxide will p e d t  

~ t ~ h i n g  O f  the 8ilICOn EUb0tWf8Ce g 8 8 O O t U  Ohlarlno. 

The combimtion of wot and dry thermal oxi&r h8r 

provod qui- 8woe8sful. Hawover, the pyrowio oxlde 

m y  bo 8dvantageour~ omplopd 88 the final d w l c e  

kpr. The procers is carr ied out a 8 h r  trrp.x-8- 

tura urd therofore WLll mlnlnlso Junation t rave l  after 

W a o  ~unufacturo. The t~ i l i aon  dioxide ly .r  f o r r -  

t ion r h o  doer not roqulro 8illcon rurf8oe .tome but 

l a  pmvldod tow by tho t h o n u l  araaklng of an 

orgrno @llano corpound. 

Solution8 ham been doveloped thir laboratory 

uhiuh offor 88tisfactory remov8l of both boron and 

phoaphorua g l a o ~ o r  forrwd during dlffuion. Prior to 

aontaot w U l U u t i o n ,  it rrjr be worthwhile to replaoo 



I t k 

~ n r i n g  the first quarter p r e l m  d i 8 C u 8 8 i O M  

on th, package design worn held with two potentla1 

vendors, National Bergllia and Electr ical  Industries. 

As a di rec t  result of these discu8s~ons engineering 

sketch ES-116 of the proposed Beryllla b o l a t i o n  pad 

ms l a id  out. This design provides for minimum length6 

of bond- ulres and rea* acuess to  the bond- area8 

fo r  mse of fabrication. After f i n a l  design details 

wero rerolved an initial rample order for evaluation 

of the package design was placed with National Berylli. 

Conspanyo 

S a n p l O S  of the platform assembQ have just been &- 

livered and are i n  the process of b i n g  checked for 

The design is shown in Figure IZ. F i r s t  

conformity to the drawing. 

During th i s  same perlod a heat column for die  

mounting wa8 designed (see FigureIIITf) and ordorod. 

F-1 a888mbu O f  thi8 fbtWe i S  nOW pMC8180 

Four 8iaes of pure (99.99$) aluminum bonding w i r e ,  

.007, .008, .OW, and .010 dla and the nece8sary 

tungrten carbide bonding capi l lar ies  for each were 

ordered and delivered. 

produced bonds which w i t h a b o d  an ulal pall great 

I n i t i a l  bonding experlmentr 

enough t o  break the Wiroo 
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IV. C I R C U I T  D E S I G N  & T E S T  R E S U L T S  



1 t 
IV, CIRCUIT DESION: 

The optlndsatlon of the BIO Leaf characterist ics for  

nritching parameters was corapleted during the f i r e t  phase of 

the program, 

nritchlng c i r c u i t  has progrersed to  the point where the optlRum 

rnitching pramtars of the BI(3 Leaf were obtainsd at the 5 - 
Axpore -1. Separate turn-on and turn-off c i rcul ta  were 

designed in order t o  obtain the best possible swltuhlng 

e b a r a 0 ~ i r t l e s  for each of t b a e  pararsters. The iinollsed 

c ireul ta  for the BIG Inri t ransir tor  appear in Figurea V and 

VI. The exporh in t a l  BIO Leaf deVioe8 were evaluated In the 

turn-on c i r cu i t  of Figure V. 

e i r ca i t  are ru~mnarired below. 

Circuit  design development of the 10 - Ampere 

The switching tines in t h i s  

td - 3 ~ 0 8  and tr * 15 6 

Tho80 turn-on tiares were obtained a t  a collector current 

of 4 Amperor, due t o  the l imitation inposed on the collector 

rapply voltage by the breakdown of the sxper3-nmntal devices. 

Dlocbrr D,, and D2 prevent the collector-bsse junction from en- 

tering the saturation region, The responrre of D2 affect8 the 

me8surensnt r l l g h w ,  and f a r to r  diodes w i l l  be u t l l l r e d  for 

this c i r cu i t  In  th. second phase of  the pogram. The turn-off 

tiBas8 for these tran8lrtorr were obtained In ths a i r c u l t  of 

Flgura VL Typleal resulta are indioated below. 

f, 0 h -08 and ti = 7n8eo 

there results were obtainsd when the t ransis tors  were witched 

f r o m  the 4 ampere conducting condition to cu tof f j  provided by 
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the roverre b h r  of VBB a8 hdioatod in F-0 VI. D1od.r 

Dl and D2 fm a Baker alamp c i rca i t ,  keeping tbe colleotor- 

brm junetlon out of the saturation reglon. In  t h i s  mnner, 

the low rm(r0 timer pmvldsd 

ut i l i ro& The prorent diod08 w i l l  have t o  bo raplaaed other 

typeb with a faster responae tlm, rime the diodes now in tho 

oimuit tend to slaw the responas of the turn=off wavo fo ra  

in the aollector c imui t .  The pu&e width for each of there 

b r t  e l r a u l b  war 100 woo; and e v s n t d ~  Will be reduaed to 

50 *0e# or  l08r0 Tho pula8 width mot be kept a t  leart as 

l a r g o  as the turn-on plw turn off tines of the dsrice-under- 

test for correct responue-tlm meaiuremnta. A l l  l e a b  t o  

a c t e d  blas  supplio8 have been bppassed With sultabb cap-  

cltorr to keap lead Inductance In the c i r cu l t s  to  a miniarn. 

Tho current tramformer, Tl, In  each of the cboalta i r  wed 

to o b i m  the current pulse applied t o  the base of tho tran- 

sirtor. In t h i s  nmnner, the diode clamping action is soenj 

and propor base cprrente deternined i ron  t h i s  observation. 

A t  tho prorent timo, each transistor uwt be soldered In to  the 

tes t  a i r c u i t s  f or evaluation. A n  exporlmmt.1 tart  roakot l a  

a non-raturatod a l r au l t  are 

bing Q m w d  to 0 l W t 0  t h i s  ~0ce-o Thio O O e k O t  Will 

@do rhort lead &ngtha from the circuitry to the tXWU3btOr 

pin cronno~en, while proriding shielding between Input and 

output f o r  proper Isolation a t  ths hlgh mdtchillg speed8 on= 

O O U n b d  tb bOOt* Of the80 dOVh080 The 0 l l C C 0 8 0 f U  

U t w t h l  Of thi8 socket dl OMU the bit- O f  bath 

oxporirsntal and production d d c e s  to be eonducted a t  a 





V. P R O G R A M  F O R  P H A S E  I1 
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Wheroas PHASE I concerned Itself primwily With &brnf.m- 

t ion of the design &tails, W E  I1 ef for t s  w i l l  bo, fo r  

the most part, in the arus of fabrication and evaluatlon of 

pratotype clsvicer. 

to the pre l l~ inuey  &sign w i l l  continually be undertaken 

Howwrr, lmprovtmmb o r  lPodificationa 

whoroewar i t  appears necesaarp or adrantageow to  do 00. 

The oxtont of e f for t s  i n  t h i s  area will be largely &tor- 

mined by the performance of' prototype units w i t h  roepoet 

to the design goals. 

B. Fabrluatlon Prourrser 

1. Starting Material 

Effort  Will continue In th i s  area toward mom t ight ly  

defining epitaxial s t a r t i n g  saterial quality. 

necessitate correlation of yield and performance data with 

This w i l l  

rrpeclfic matorial purnrsters. 

2, Mifuslonll 

Considarable of fo r t  will-be expsnded in the area of o x i d .  

ionmation and dlffwlon, InWstigation into the  rOph80- 

ment or rupplenmtatian of the tho- grown oxides after 

phosphorus diffusion with low-temperature oxi& techniqUO6 

(such as pyrolytic ala@ w i l l  be =doe 

pX'OUO88 control  6 p O c i f i U a t l O M  W i l l  be d o m e d  

for bare and emittor junction daptha and layer concontratioar. 
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3. Al\miarm Evaporation 

Additional work m u t  be p e f o m d  to i ~ ~ ~ p r o v e  the quality 

- 111. E appears Q produce the desired F O ~ ~ l t 8 o  Unbar 

tmforereen problem become apparant o r  process Innovation6 

are  necessary the KPR-K?% process Will not be altered. 

The KTFR procoss far etching of thick almainur dll k 

finned up i n  the next m a t h ,  however, i n i t i a l  resulb iron 

thlr prouoss indlaaia l i t t l e  o r  no Improvement i s  necesmrye 

O f  8pocific i n t se s t  f o r  t M s  projeot l a  a new Ko&k 

prodtaot KPR Typo 11. This product is on o r d m  snd an 4- 

uation of KPFt I1 will be forthcoming, 

offer several advantagor, namelrr 

This resis t should 

1) Hew rolvent q t e m  (not water ml8cible) 

2) Hlgher visuori* (2x 8td. KPR) 

3) S l l g h w  higher solido contenf 

4) More stable a d  cleaner 

5. AssambV 

Although fixtures and tooUng*uem demigned in t h i s  past 

phase for auscmbly of the pmtotypo dsvi~08, no actual 

a88srbv OperatiOM hve h e n  performed b dot@. This b 



devices. Close la i s ion  w i t h  both design and fabr imt ion  

areas will  be^ msintained em that concluaiona reached 

from.dmice porfolpaanee data can be lmwl l .ately reflected 

in procoss modification and/or device dasign. 

Switohlng speed charaeter l r t les  w i l l b  e of predoalnant 

inturert ,  All f l n d l y  assembled prototype units will be 

t h o r o e  examined In the rrwitcblng test c i rcu i t6  re- 

1 
P 

s b p 4  a re su l t  of the f a c t  tht packages of the new 

design have Just  recent* been reoeived. Coasoqtuntly, 

much e f fo r t  will be spent In PHASE I1 toward errtablish- 

msnt of the assembly stops of d i e  muntlng, wire bonding 

and doring0 

Experience With other planar devices a t  Bendix has 

shown a definlta relationship between devfce pa-ter 

and the i r  s t a b i l i t y  and control of such assembl~ eon- 

di t iaar  as amblant, cleanliner8 and especially humidity. 

A l l  assenbly operation8 on the prototype devices w l l l  be 

aecoaplished In recently completed dry box line. 

C, CWtdt Design and Test Rosults 

Evaluation of ~ o t o t y p e  devices and of  varioua t e s t  

c i raui ta  will conatitat .  a major portion of PHASE II 

Data W i l l  be accumulated and analysed on all pertinent 

e l ec t r i ca l  and thermal parameters of  the prototype 

gardl088 of whother or  not other parametorr are within 

speclfiuatlon. 

2 
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Refinemnt of the swi0oMng a irca ib  w i l l  eontinwe 

Sp.clfled.ly, evaluation o f  farter diodes in the switch- 

ing c i m u i t  rlll be =del and the experlmontal t o r t  . 
rockot discussed In Section IV will be evaluated. 

In order t o  I n i t i a t e  ormironmsntal tes t ing a t  the 

ea r l i e s t  possible &tal prototype devices which hare been 

completely evaluated e lec t r ica l ly  will be made Imediately 

availabla. It must be understood thnt davicas rubjected 

to environmental testing during this phrse will not 

necessarily be representative of the f ive prototype 

\mitt! submitted a t  the end of PHASE 11. 

E. Submission of Prototype Device8 

Based on progreas t o  date, it ia estimated that  ths 

five n e c e r ~ r g  prototype dsvices required t o  terminate 

PHASE I1 will be submitted within the m x t  quarter* 

I I 



VI. K E Y  P E R S O N N E L  



VI .  Koy Perromel 

Hr. Charles Carroll has been mnwd Project Manager 

of the subjeat program. Mr. Carroll replaces Hr. Albert 

Sohrob. This personnel change was prompted by the fact 

that the prellmlnary design goals have been ne t  and that 

the subooqwnt preproduction and Final d t s  will be man- 

ufaatured in accordance with plan8 and spealficationr 

W l o p o d  during the Phase I portion. 

a. Carroll 's experience as a developacnt engineer, 

working i n  the area of s i l i con  parer t r ras is tors ,  coupled 

With his  previous participation in this program, should 

further a s m e  the auccesaful completion of the devices 

to be firnSshed. 

Hr. Schrob w i l l  continue to serve on an advisory 

basla and Will be appraised of the progress of t h i n  con= 

t rac t  until all work i r  completed. 

i 
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